The rest-frame UV-optical (i.e., N U V − B) color is sensitive to both low-level recent star formation (specific star formation rate -sSFR) and dust. In this Letter, we extend our previous work on the origins of N U V − B color gradients in star-forming galaxies (SFGs) at z ∼ 1 to those at z ∼ 2. We use a sample of 1335 large (semi-major axis radius R SMA > 0.
INTRODUCTION
Investigating the spatial distribution of star-formation is a powerful way to understand how stellar mass is built up and where the star-formation is shut down in galaxies as they evolve along the star-forming main sequence (SFMS). It has been known that rest-frame UV-optical (i.e., N U V −B) color is sensitive to both low-level recent star formation (i.e., specific star formation rate -sSFR) and dust (A V ), but it is insensitive to the metallicity (Kaviraj et al. 2007; Pan et al. 2015) . Thus, UV-optical star formation measurements are ambiguous without accurate dust correction, especially for high-redshift starforming galaxies (SFGs).
Radial sSFR and dust gradients in distant galaxies have not been fully explored to date. There are only few related papers on this topic. By stacking the HST multiband imaging, Wuyts et al. (2012) studied the resolved colors and stellar populations of a few hundred SFGs with M * > 10 10 M ⊙ at 0.5 < z < 2.5. They found evidence for redder colors, lower sSFR and increased dust attenuation in the centers of galaxies. Tacchella et al. (2015) used Hα fluxes to measure the sSFR gradients in z ∼ 2.2 SFGs. They claimed rather shallow sSFR gradients at low masses (M * <∼ 10 11 M ⊙ ) and significant sSFR gradients at M * ∼ 10 11 M ⊙ . Note that they corrected for dust reddening assuming a flat attenuation profile. In a series of papers, Nelson et al. (2012 Nelson et al. ( , 2016a studied the maps of sSFR traced by Hα and of dust in SFGs at moderate redshifts (z ∼ 1 and z ∼ 1.4) by stacking the spatially-resolved spectra of 3D-HST. Nelson et al. (2012) showed that the Hα sizes of massive galaxies are bigger than their rest-frame R-band sizes. Nelson et al. (2016a) showed that the EW (Hα) is flat with radius for the low-mass (M * = 10 9 − 10 9.5 M ⊙ ) galaxies, while it falls by a factor of ∼ 2 on average from the center to twice the effective radius for more massive galaxies. These findings suggested that massive SFGs at moderate redshifts buildup their stellar masses from the inside out, while the low-mass SFGs grow in a self-similar way irrespective of the radial distance. Note that dust correction was not done in these two works. Later, Nelson et al. (2016b) corrected the data in their previous papers for dust by using the Balmer decrement (Hα/Hβ). As a result, central dust was found to be a huge factor in establishing radial colors and sSFR gradients in galaxies with a mean mass of M * ∼ 10 10.2 M ⊙ . Galaxies with M * ∼ 10 9.2 M ⊙ have little dust attenuation at all radii.
Recently, Liu et al. (2016, hereafter Paper I) used high-resolution HST optical-IR imaging (in observed B through H band) to measure the rest-frame N U V − B color gradients in the main-sequence SFGs at z ∼ 1. In Paper I, after correcting for dust reddening, the radial N U V −B color gradients were shown to be nearly zero in SFGs with M * < 10 10 M ⊙ , but significant residual color gradients were found in SFGs with M * > 10 10.5 M ⊙ . Dust gradients were determined by fitting reddened stellar population models to the spatially-resolved spectral energy distributions (SEDs) with FAST (Kriek et al. 2009 ). These findings implied that at z ∼ 1 dust reddening is the principal cause of rest-frame N U V − B color gradients in low-mass SFGs, while for high-mass SFGs, age gradients are also an important factor. More recently, Wang et al. (2017) expanded our Paper I and re-visited the dust and sSFR gradients in z = 0.4 − 1.4 SFGs on the main-sequence inferred from the U V I (U − V versus V − I) diagrams. Their conclusion is generally consistent with that of Paper I, except that their estimated central sSFR for massive SFGs are 2-3 times smaller than ours. In this work, we extend our Paper I to z ∼ 2 with a sample of 1335 large SFGs with extended UV emission out to twice the semi-major axis radius in the mass range M * = 10 9 − 10 11 M ⊙ at 1.5 < z < 2.8 in the CANDELS/GOODS-S and UDS fields. We show that the global rest-frame F U V −N U V color is approximately linear with A V and the dust-corrected N U V − B color is indeed a good tracer of sSFR. Applying these calibrations to our spatially-resolved data, we examine the effects of dust gradients and sSFR gradients on the N U V − B color gradients in these SFGs at the Cosmic Noon and further discuss their link to the stellar mass assembly.
Throughout the Letter, we adopt a cosmology with a matter density parameter Ω m = 0.3, a cosmological constant Ω Λ = 0.7 and a Hubble constant of H 0 = 70 km s −1 Mpc −1 . All magnitudes are in the AB system.
DATA
We select galaxies in our sample from the first two publicly-available fields of the CANDELS. Namely, the Great Observatories Origins Deep Survey (GOODS-S, Guo et al. 2013 ) and the UKIDSS Ultra-Deep Survey (UDS, Galametz et al. 2013) . The CANDELS team has made a multi-wavelength catalog based on source detection in the F160W (H) band for each field, combining the newly obtained CANDELS HST/WFC3 data with existing public ground-based and space-based data. HST photometry was measured by running SExtractor (Bertin & Arnouts 1996) on the point spread function (PSF)-matched images in the dual-image mode, with the F160W image as the detection image. Photometry in ground-based and IRAC images, whose resolutions are much lower than that of the F160W images, was measured with TFIT (Laidler et al. 2007) , which fit the PSF-smoothed high-resolution image templates to the low-resolution images to measure the fluxes in the lowresolution images. We refer readers to Guo et al. (2013) and Galametz et al. (2013) for details on these data and the reduction procedure.
Photometric redshifts were estimated from a variety of different codes available in the literature, which are then combined to improve the individual performance (Dahlen et al. 2013) . Rest-frame total magnitudes in various standard filters, from F U V to K, were computed using the best available redshifts (spectroscopic or photometric) and multi-wavelength photometry using EAZY (Brammer et al. 2008) , which fits a set of galaxy SED templates to the observed photometry. Stellar masses come from the CANDELS official catalog released by Santini et al. (2015) , which combine the results from ten separate SED fitting methods. A Chabrier (2003) initial mass function (IMF) is assumed. Semi-major axis radius (R SMA ) and axis ratio (b/a) were measured from the HST/WFC3 F160W images using GALFIT (Peng et al. 2002) by van der Wel et al. (2012) . SFRs come from rest-frame N U V luminosities at λ ≈ 2800Å that are corrected for extinction by assuming a Calzetti law (A 2800 ≈ 1.79A V ): & Evans 2012) . We prefer this approach because of its simplicity and more direct relation to the observed SED. The rates of star-formation derived from a combination of unobscured UV and IR emission (SF R UV+IR ) are nominally a more faithful measure than SF R NUV,cor , since it incorporates a direct measure of obscured star formation. However, L IR is usually overestimated in galaxies above z ∼ 1.5, where observed 24 µm probes PAH emission (Tielens 2008) . Fitting local IR templates will return a value of L IR that is systematically too high (Salim et al. 2009 ). Given the theoretical uncertainties still surrounding the origin of warm dust in galaxies, it is reasonable to adopt the NUV-NIR SED-fitting rates, as we do here, pending further developments in our understanding of mid-IR galaxy SEDs. The median A V was computed by combining results from four methods (labeled 2a τ , 12a, 13a τ and 14a) in Santini et al. (2015) . The four methods were chosen with the same assumptions (Chabrier IMF and Calzetti extinction law) .
The HST based multi-wavelength and multi-aperture photometry catalogs with improved local background subtraction were built for galaxies in the CANDELS fields (Liu et al. in prep.) , which include the radial profiles of observed surface brightness and cumulative magnitude in the HST/WFC3 (F105W, F125W F140W, and F160W) bands and HST/ACS (F435W, F606W, F775W, F814W and F850LP) bands if available. The photometry were performed on the multi-band, PSFmatched images.
SAMPLE SELECTION
The full GOODS-S and UDS catalogs contain 34,930 and 35,932 objects, respectively. The parent sample used in this work is constructed by applying the following cuts to the above data: 1. Observed F160W(H) magnitude H < 24.5 and the GALFIT quality flag = 0 in F160W (van der Wel et al. 2012 ) to ensure well-constrained GALFIT measurements and eliminate doubles, mergers, and disturbed objects.
2. Photometry quality flag PhotFlag = 0 to exclude spurious sources.
3. SExtractor CLASS STAR < 0.9 to reduce contamination by stars.
4. Redshifts within 1.5 < z < 2.8 for GOODS-S and 2.2 < z < 2.8 for UDS to roughly cover rest-frame F U V to B simultaneously. Note that the shortest observed band in GOODS-S available is F435W(B) and the shortest one in UDS is F606W(V ).
Stellar masses at 10
9 < M * /M ⊙ < 10 11 to maintain ∼ 90% (∼ 75%) completeness limit at z = 1.5 (z = 2.8) for SFGs (van der Wel et al. 2014; Morishita et al. 2015) .
6. R SMA > 0.18 ′′ (3 pixels) to minimize the effect of PSF-matching on color gradient measurement.
7. Well-constrained measurements of surface brightness profiles from center to 2R SMA in observed F435W(B) for 1.5 < z < 2.2 in GOODS-S and ones in observed F606W(V ) for 2.2 < z < 2.8 in both GOODS-S and UDS to guarantee sample galaxies with extended restframe UV emission.
After the cuts 1-5, we obtain 2388 galaxies: 1666 from GOODS-S and 722 from UDS. After the cuts 1-7, we obtain 1430 galaxies in total. We then utilize the rest- Williams et al. 2009 ) to select 1405 SFGs (see the left panel in Figure 1 ). Furthermore, we follow the method used in Paper I to select SFGs near the ridge-line of the SFMS (see the right panel in Figure  1 ). After excluding 70 transition galaxies, which are defined as galaxies with offsets from the best-fit main-sequence relation (log sSF R NUV,cor /yr −1 = −0.25 ± 0.01×logM * /M ⊙ − 6.20 ± 0.13) of ∆ log sSF R NUV,cor < −0.45 dex (below the dashed line), we focus on 1335 main-sequence SFGs. We note that the majority of very dusty SFGs are excluded by the selection cuts 6 and 7 (see the left panel in Figure 1 ), which are not probed in this analysis.
RESULTS AND ANALYSIS
We investigate the global properties of the sample galaxies to find an accessible and good indicator of dust attenuation (A V ) that can be used in our spatiallyresolved analysis and check whether rest-frame N U V − B color is a good tracer of sSFR after removing dust effect. One of the most common methods for dust determination at high redshift is fitting reddened stellar population models to the integrated broad-band SEDs of galaxies (e.g., Kriek et al. 2009 ). The longwavelength (i.e., rest-frame J) data is usually needed by this method. It has been shown that this method is closely related to the U V J method that distinguishes dust reddening from old stars (Patel et al. 2011) . Unfortunately, the high-resolution HST imaging in CAN-DELS ends at observed H band, which roughly corresponds to a cut at rest-frame B to V for our galaxies. The lack of long-wavelength high-resolution data can not meet the need of distinguishing dust reddening from age in spatially-resolved analysis. Nevertheless, the rest-frame F U V − N U V color is accessible in both integrated and resolved data, which has been widely applied to evaluate the U V slope β and thus determine dust attenuation (e.g., Buat et al. 2005; Muñoz-Mateos et al. 2007; Reddy et al. 2012 ). In the left panel of Figure 2 , we show the relation of global A V versus rest-frame F U V − N U V for our SFGs. It can be seen that rest-frame F U V − N U V color is approximately linear with A V . The best linear fit is given as A V = 1.38 ± 0.02 × (F U V − N U V ) + 0.30 ± 0.01. In the right panel of Figure 2 , we show the relation of log sSF R NUV,cor versus (N U V − B) dc . The dust correction exploits the median A V derived by modeling the observed integrated FUV to NIR SEDs and assumes a Calzetti law. This plot demonstrates that the dustcorrected N U V − B color is indeed a good tracer of sSFR for our SFGs. The best polynomial fit to this relation is given as log sSF R NUV,cor /yr
Applying the above calibrations from integrated photometry and SED modeling to our spatially-resolved data, we can infer the radial A V gradients and sSFR gradients to disentangle their effects on the N U V − B color gradients. For this work we computed the restframe F U V , N U V and B band surface brightness profiles of each sample galaxy using EAZY (Brammer et al. 2008) as well (refer to Figure 2 in Paper I). In Figure  3 , we show the raw dust-reddened F U V − N U V profiles and inferred A V profiles, which are normalised by their R SMA in arcsec (upper) and are shown in physical radius (lower), respecitvely. The individual galaxy profiles are shown with gray lines. To quantify the general trends, we used the linear model lm function in R programming language to fit a straight line as a mean of the individual profiles between PSF FWHM (0.18 ′′ ) and 2R SMA in each panel. The best-fit slopes and intercepts are presented in Table 1 . The best-fit models with 2σ lower and upper limits are shown as shaded regions in Figure 3 . It is observed that these SFGs generally have negative F U V − N U V color gradients (redder centers) and thus have negative dust gradients (more dust extinguished in the centers). A steady increase of negative dust gradient (the slope tends to become steeper) with galaxy mass is also observed.
In Figure 4 , we show the profiles of raw dust-reddened N U V − B, dust-corrected N U V − B and inferred sSFR in each adopted mass bin, respectively. The shade regions show the best-fit linear models with 2σ lower and upper limits to all individual profiles. The best-fit slopes and intercepts are also presented in Table 1 . The dust correction exploits inferred A V profiles shown in the bottom panels of Figure 3 and assumes a Calzetti law. sSFR profiles were computed with the (N U V − B) dc profiles after applying the calibration shown in the right panel of Figure 2 . It can be seen that these SFGs generally have negative N U V −B color gradients (redder centers), and the color gradients strongly increase with galaxy mass. However, after correcting for dust reddening, the N U V − B color profiles become nearly flat (the slopes are within ±0.05), which results in nearly flat sSFR gradients.
To evaluate the PSF effect, the individual rest-frame F U V , N U V and B band surface brightness profiles in each mass bin are stacked together (taking median values) based on the angular distance in arcsec. We then fit the stacking surface brightness profiles in each band with a single Sérsic model convolving with CANDELS PSF in F160W. The resulting profiles based on PSFdeconvolved Sérsic models in each bin are shown with green dashed lines in Figure 3 and Figure 4 , respectively. The slopes and intercepts of the best linear fits to these profiles are listed in Table 1 as well. The same conclusions can be drawn from these PSF-deconvolved data.
In this Letter, we extend our previous work on the origins of UV-optical color gradients in SFGs at z ∼ 1 (Liu et al. 2016 ) to those at z ∼ 2, using a sample of 1335 main-sequence SFGs with extended UV emission in the mass range M * = 10 9 − 10 11 M ⊙ at 1.5 < z < 2.8 in the CANDELS/GOODS-S and UDS fields. By fitting reddened stellar population models to the integrated SEDs from observed FUV to NIR, we calibrate A V with the rest-frame F U V −N U V for these SFGs. We demonstrate that rest-frame N U V − B color is indeed a good tracer of sSFR after correcting for dust reddening. Applying these calibrations to our spatially-resolved data that ends at observed H, we infer the radial A V gradients and sSFR gradients and demonstrate their effects on the N U V − B color gradients. We find a steady increase of negative dust gradient with galaxy mass. The SFGs generally have negative N U V − B color gradients, and the color gradients strongly increase with galaxy mass. After correcting for dust gradients, the N U V − B color profiles become nearly flat regardless of galaxy mass, which indicates that the sSFR gradients are negligibly small. These findings imply that dust reddening is likely the principal cause of negative UV-optical color gradients in these SFGs. The findings support that at z ∼ 2 the SFGs buildup their stellar masses in a selfsimilar way.
Here we compare our results to those of Tacchella et al. (2015 Tacchella et al. ( , 2017 , who explored sSFR gradients in z ∼ 2.2 galaxies for a small sample. In Tacchella et al. (2015) , they corrected for dust reddening assuming a flat attenuation profile and claimed rather shallow sSFR gradients in low-mass (M * < 10 11 M ⊙ ) galaxies but significant sSFR gradients in galaxies with M * ∼ 10 11 M ⊙ . In Tacchella et al. (2017) , they used the U V -β technique to correct for dust reddening and found flat sSFR profiles for z ∼ 2.2 galaxies in the mass range M * = 10 10 − 10 11 M ⊙ , which is consistent with our finding. Our finding is also consistent with that from cosmological zoom-in simulations (Tacchella et al. 2016) .
If the sSFR profiles appear to be constant with radius at all radii and all times, this would yield SFGs with constant stellar-mass effective radii. In contrast, lightweighted effective radii are seen to increase roughly as M 0.3 ⋆ (e.g., Patel et al. 2013; van Dokkum et al. 2013) . It has been known that mass-weighted radii are smaller than light-weighted for SFGs (Szomoru et al. 2013) . The discrepancy can also be reconciled if galaxies grow mainly outside 2R SMA via star formation (Tacchella et al. 2016) or minor mergers (Welker et al. 2017) . We leave this problem open because our data only sample the regions inside 2R SMA .
We note that the HST drizzled WFC3 images have the spatial resolution of FWHM ∼ 0.18 ′′ (3 pixels). Therefore, the color gradients in this very central region are missed by this analysis. This is the best that can be done with the present imaging data available. We stress that major conclusions in this paper depend on the SED modeling assumptions applied to the CAN-DELS data. The majority of our assumptions are single-τ solar metallicity models and the dust extinction law is assumed to be the Calzetti law. Wang et al. (2017) showed that the dust-reddened radial color variance for the main-sequence SFGs at z ∼ 1 run almost parallel to the Calzetti vectors in the U V I diagram. But whether the extinction curve of SFGs at z ∼ 2 also follows the Calzetti law is still unknown. These assumptions are standard and have been used in all of high-z studies. This paper does not attempt to justify these current state of the art assumptions, but takes the standard assumptions as given and aims to see where they lead to. Future works should investigate the consequences of more realistic stellar population models, metallicity, and extinction law.
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